In this paper the authors give the result of their research carried out on the echo sounding of a frozen lake. The echo trace of the lake bottom was obtained from the ice surface. It is obviously easy to determine accurately the positions of soundings from that surface. Therefore, sound ings were carried out more rapidly and accurately on the surface of the ice than they would have been from a boat. Furthermore, the detection of schools of fish from the ice surface was successful for the first time, and the transmission loss of ultrasonic waves in artificial ice and in natural ice was also measured.
INTRODUCTION
F or the echo sounding o f a lake, o f an artificial lake of a hydroelectric pow er station, etc., the accurate determ ination o f positions is im portant. W h en sounding w ith an echo sounder installed on a boat, it is difficult to determ ine positions accurately because o f shift due to w ind or current; therefore, the error due to inaccuracy o f position is large and, m oreover, great efforts are needed.
W h en the lake is frozen, it is easy to determ ine the positions with accuracy on the ice surface and if it were possible to sound from its surface the sounding w ork w ou ld be m ade easier. But transm ission loss o f ultra son ic waves in ice and the existence o f air between the ice and the water surface w ere not know n. Hence, experim ents on sounding from the ice surface w ere m ade on frozen Lake Haruna in Gumm a P refecture in January and F ebruary 1962.
D uring these experim ents, sounding w as carried out rapidly and accurately. P ond smelt sw im m ing beneath the ice were also detected from the surface, and transm ission loss in ice w as m easured.
T o the authors' know ledge, ech o traces o f the bottom and o f schools o f fish as obtained from the surface o f ice have never been published.
SOUNDING OF THE FROZEN L A K E
T he sounding experim ent w as carried out on frozen Lake Haruna.
(1) Apparatus used for experiment V ery sm all and com pact transistorized fish finders were used for echo sounding. One o f them was the 4 0 0 -k c/s type m anufactured by Furuno E lectric Co., Ltd. on the advice o f the F ishing Boat Laboratory. The other w as o f the 2 0 0 -k c/s type m anufactured by N ippon Electric Co., Ltd.
F ig . 1. -S m a ll t r a n s is t o r iz e d 4 0 0 -k c /s fish fin d e r m a n u fa c t u r e d b y F u r u n o E le c t r ic C o., L td .
The 400 -k c/s fish finder is shown in figure 1 . By com paring it with the scale marked on the figure, it will he seen that this set is very small. (2) Sounding of frozen lake from the surface of the ice Sounding was carried out along the line AC represented on the survey m ap o f Lake Haruna shown in figure 4. Figure 5 shows a view of this place. Starting from A, the distance was measured every 50 metres by means of a 50-metre m easuring rope, and 12 sounding points were fixed. However, between A and the 150-metre point, points were fixed every 10 metres. Figure G is a photograph of the fixing o f sounding points. The transducers were placed on the surface o f the ice after the snow covering it had been scraped away with our shoes, and the transducers F ig. 7. -P o u r in g a lit t le w a t e r to b r in g th e tr a n s d u c e r in to c o n t a c t w it h th e ice.
were brought into contact with the ice by pouring over them a cup of water, as shown in figure 7. Enough echo traces were obtained by this m ethod. W ater was found better for contact than oil, such as castor oil. w hile sounding w as in progress. Figure 10 show s the transverse section o f Lake Haruna established from the echo traces.
The thickness o f the ice was 25 cm , and we had some trouble in m aking a hole through it, but sounding from the surface o f the ice avoided such trouble. Positions o f sounding points were determ ined m ore speedily and accurately on the ice than they w ou ld have been from a boat. The time needed to determ ine the positions and then to sound was 1 hour 25 minutes.
By the same m ethod, echo traces o f pond smelt were obtained from the surface o f ice 31 cm thick. The results are described in the appendix.
TRANSM ISSION LOSS AN D SOUND VELOCITY IN ICE
The m easurem ent o f transm ission loss in ice is required for sounding from the ice surface.
F irstly, the transm ission loss in artificial ice was m easured fo r 28 k c /s , 1 0 0 k c /s , 200 k c /s and 400 k c /s . In a water tank (25 metres long, 50 cm w ide and 50 cm deep) the transm itting and receiving transducers were put at opposite ends and the plate o f ice was put between them, as show n in figure 11 . The sound pressure o f ultrasonic wave pulses received by the receiving transducer was measured. Measurements were made for various thicknesses o f ice. The relationship between the thickness o f the ice and the transm ission loss is shown in figure 12 . The values m easured alm ost form a straight line, and transm ission losses expressed in d b /c m are show n in the second colum n of Table 1. Figure 13 shows measuring in progress.
WATER TANK F ig. 11. -M e th o d o f m e a s u r e m e n t o f t r a n s m is s io n lo s s o f u ltr a s o n ic w a v e s in ice.
• 400k c o 2 0 0 k c a . 10OJcc A 2 8 k c Fig. 12. -T r a n s m is s io n lo s s in a r t ific ia l ice su ch as ca n be f o u n d on th e m a rk et. Fig. 13 . -M e a s u re m e n t o f t r a n s m is s io n lo s s in ice .
Next, the sound pressure o f echoes returned from the lake bottom was measured on the ice surface of frozen Lake Haruna at the points marked with a cross in figure 4 , and measurements were made for various thicknesses o f ice by thinning it. The transmission loss is shown in figure  14 and in the third colum n o f table 1. However, it is not concluded that these values are universal because freezing conditions differ according to snowfall, etc. Figure 15 shows the measurements being made. • 4001cc i v
THICKNESS OF ICE (cm)
F ig . 14. -T r a n s m is s io n lo s s in ic e f r o m L a k e H a ru n a .
F i g . 15.
-M e a s u re m e n t o f tr a n s m is s io n lo s s in ice o n L a k e H a ru n a .
Sound velocity in ice was measured. The 4 00 -k c/s transducers were placed on the upper surface o f a cube o f ice 53 cm high, and we measured the time taken by the echoes to be reflected by the opposite surface (see figure 16 ). By this m ethod, sound velocity was found to be 3120 metres per second. 
CONCLUSION
The results o f the above m entioned experim ents m ay be sum m arized as follow s :
(1) The echo trace o f the bottom cou ld be obtained from the surface o f the ice on a frozen lake by clearing the surface w ith our shoes, putting the transducers on it and then pouring over a little water.
(2) Precise sounding w as carried out rapidly by determ ining positions on the surface o f the ice and by sounding from the surface.
(3) The m easured transm ission loss in ice is show n in Table 1 In the case of figure 1A , the depth is about 3.5 m etres, and it was found that schools of pond sm elt swim close to the bottom . The surface ice was 25 cm thick. Figure 2A shows the traces o f several small schools scattered between a depth of 5 m etres and the bottom . The depth is about 14 metres, and the surface ice w as about 31 cm thick. Figure 3A shows som e pond sm elt that were caught. T hey were about 11 cm long.
